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(54) Automatic lubricator for injection molding machine 

(57) An automatic lubricator for an injection molding 
machine, capable of performing proper lubrication in 
accordance with operation environment of the injection 
molding machine. A lubrication interval Ls is controlled 
according to length of cycle time S of the injection mold- 
ing machine so that the lubrication interval Ls is 
increased when the cycle time S is long and it is 
decreased when the cycle time S is short. Further, 
when a ball screw temperature t1 is high the lubrication 
interval Ls is accordingly decreased by ADL and when 
the ball screw temperature t1 is low the lubrication inter- 
val Ls is accordingly increased by ADL Also, when the 
ambient temperature t2 is high the operation time Tp of 
a lubricating pump 2 is decreased, and when the ambi- 
ent temperature t2 is low the operation time Tp is 
increased to stabilize the lubrication quantity. 
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Description 

BACKGROI IMP of THF [N^BjQQrj 
1 . Field of the Invention 

[0001] The present invention relates to an improve- 
mjntjjm automatic Iubricator for an JJJJ. 
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2. Description of the Related Art 

to r^xamotrf ^ * " "*»** 
tfon Sf; 9 P3rt ° r 3 rotatin 9 P art in ^ inject 

mlT h ? m SeCfl ° n ' 3 mo,d clam P'ng section a 
mold thickness adjusting section and an ejector mecna 
n.sm section are generally lubricated by direct suddTv 
operation of lubricant using a grease gun or ££* 
[0003] An automatic lubricator which is used to oer- 

SLVT*? 1 lubrication by usin 9 an 

driven lubr.cat.ng pump connected to piping has been 
known conventionally. However, the conventional atfc 
mafic lubricator performs only lubricating operation by 
automatically operating a lubricating pump at of£lr 
m.ned lubrication intervals. If a variaL ^ 
operation env.ronment such as cycle time and anient 
temperature of the injection molding machine thToT 
ventona. lubricator cannot respond to this Sia on so 
ASSIST*" — n is Per° 

SSK • *! SO ' ^ " me ,ubricati °n intervals are fixed 

■ed by the operation environment, so that the residual 
quantity of grease in a reserve tank canno be prScJeo 
accurately. Therefore, there is a fear thaVtiTeK 25 

opSor e ' ayS ' reSU ' tin9 hindranCe to 

SUMMARY OF THF IMVPMT.^ N 
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[0005] An object of the present invention is to provide 
an automatic lubricator for an injection moS 
machine, capable of performing proper lubricating oper 

Sion SP""" f ^ ° Perafion of 
injection molding machine. 

[0006] The automatic lubricator of the present inven- 

£3^ 9 ' UbriCatin9 PUmp for -PP'yinglbri- 
cant to movable parts of the injection molding machine 
are! a ^controller for controlling an interval of (Jerafon S 

9 , U™ P ° r ° Pera,in9 *"« of *e'"bnSting 
SnT^ w ' UbriCati0n ^ ° n at ,east °"e of cyde 
time of injection molding machine, temperature erf Vh! 
"bncated parts and ambient temperature * ** 
SSL, 0356 Wtlere tne wntrdler controls the 

Se wS ST P ,0 K Perf ° rm ,UbriC3tin9 each 
time when set number of shots are completed and also 

T r °? *• ,ubrication Nerval £££Z 
the set number of shots, the controller makes the S 
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eating pump perform lubricating operation each time 
when a, foasl .one of the number* injection operations 
and the number of mold clamping operations reaches 
the set number of shots. Thereby, even when only a pa7 
ticular portion of injection molding machine is drS 
•n the case of mold clamping control operation and 

preven?eT rati0n ' rUnnin9 ° Ut ° f <he ,ub *»" « oe 

quantiv ?l 3t ,east one °< 

quantity of the lubricant in a reserve tank remainino 

tune until refining of the lubricant is needed. an?d*e 

T" ^ ref " ,in9 ° f 016 ,ubricant is ™*<* on 
a d,splay. the running out of lubricant can be preveme? 

BRIEF DESCRIPTION OF tut r^ W|n ~ 
[0009] 

FIG. 1 is a block diagram showing a principal por- 
tion , of a controller for an electrically-driven tog gle 
type injection molding machine in accordance^ 
one embodiment of the present invention- 
FIG. 2 ,s a block diagram showing a principal por- 

toe^Z, ,UbriC3tor in with 

tne embodiment; 

HQ 3 is a diagram showing one example of a data 
We for controlling the lubrication interS. based on 
the cycle time; 

FIG. 4 is a table showing one example of a data file 
for correcting the lubrication interval based on £ 
ball screw temperature; 

F\G.S is a diagram showing one example of a data 
We for controlling the pump operationtime based 
on the ambient temperature, 
FIG. 6 is a flowchart showing one example of proc- 
ess for carrying out adaptive control of automatic 
lubricating operation; . c,uromaiic 

riSJ ' S 3 ,,0WCh3rt snowin 9 one example of 
another process for carrying out adaptive control of 
automatic lubricating operation; and 
FIG. 8 is a flowchart showing one example of 
another process for carrying out adaptive corrtrol of 
automatic lubricating operation. 

DETAILED DFSCRlPTinM n F T , |f pRFFFRRcn 
EMBODIMFMtq - ^ HF PREFERRFO 

[0010] One embodiment in which the present inven- 
tion ,s apphedto an electricalty^riven toggle type Sec- 
tion molding machine will be described beZ S 
eference to the accompanying drawings 
[001 1] FIG. 1 is a block diagram showing a orincioal 
port-on of a controller i o for an electiica.lyS^n 3e 
type .njection molding machine, which is also usedl? a 

aWock d,agram showing a principal portion of an al 
matic lubncator 1 adaptively controlled by the control 
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[0012] As shown in FIG. 1, the controller 10 has a 
CNC CPU 25 which is a microprocessor for numerical 
control, a PC CPU 1 8 which is a microprocessor for pro- 
grammable controller, a servo CPU 20 which is a micro- 
processor for servo control, and a pressure monitor 5 
CPU for performing sampling process of pressure by 
detecting an injection pressure and screw back pres- 
sure from a pressure detector located on the body side 
of injection molding machine via an A/D converter 1 6. In 
this controller 10, information transfer can be effected 
between the microprocessors by selecting the mutual 
input/output via a bus 22. 

{001 3] The PC CPU 1 8 is connected with a ROM 1 3 
which stores a sequence program for controlling the 
sequence operation of injection molding machine, a 
program necessary for adaptive control of the automatic 
lubricator 1, and the like, and a RAM 14 which is used 
for temporary storage of arithmetic data etc. The CNC 
CPU 25 is connected with a ROM 27 which stores a pro- 
gram for controlling the injection molding machine as a 
whole, and a RAM 28 which is used for temporary stor- 
age of arithmetic data etc. 

[0014] Also, each of the servo CPU 20 and the pres- 
sure monitor CPU 17 is connected with a ROM 21 stor- 
ing a control program for servo control only and a RAM 
19 used for temporary storage of data, and a ROM 1 1 
storing a control program regarding sampling process 
etc. of injection pressure and a RAM 1 2 used for tempo- 
rary storage of data, respectively 
[0015] Further, the servo CPU 20 is connected with 
servo amplifiers 15 for driving servomotors of axes for 
mold clamping, for injection, for screw rotation, for ejec- 
tor, etc. based on a command from the CPU 20. The 
output from a position and velocity detector installed on 
the servomotor of each axis is returned to the servo 
CPU 20. The present position of each axis is calculated 
by the servo CPU 20 based on the feedback signal from 
the position and velocity detector, and updated and 
stored in the present position storage register for each 
axis. 

[001 6] FIG. 1 shows only a servo amplifier 1 5 for injec- 
tion, a servomotor M, and a position and velocity detec- 
tor P. The configurations for all axes for mold clamping, 
for ejector, etc. are equal to this. However, for screw 
rotation only, the present position need not be detected, 
and the velocity has only to be detected. 
[0017] An interface 23 is an element for sending an 
ON/OFF control signs to a lubricating pump 2 provided 
on the automatic lubricator 1 . In addition, the tempera- 
ture measurement values from a temperature detector 8 
installed to a lubrication section on the injection molding 
machine side, for example, a ball screw for driving a tog- 
gle, and a thermometer 9 disposed at a molding work 
place where the injection molding machine is installed 
are input to the interface 23. 

[0018] A manual data input device 29 with display is 
connected to the bus 22 via a CRT display circuit. The 
selection of graph display screen and function menu. 



the input operation of various data, and the like can be 
performed with this input device 29. The input device 29 
is provided with ten keys for inputting numerical data 
and various function keys. 

[0019] A nonvolatile memory 24 is a molding data 
storage memory for storing the molding conditions, var- 
ious setting values, parameters, macro variables, and 
the like regarding the injection molding work. The non- 
volatile memory 24 also stores a data file necessary for 
adaptive control of the automatic lubricator 1 . 
[0020] Also, the nonvolatile memory 24 stores the 
data regarding the operation state of injection molding 
machine, for example, the data for each shot as to the 
aforementioned injection pressure and screw back 
pressure and the cycle time for each shot, as in the prior 
art. 

[0021] By the above-described configuration, the PC 
CPU 18 controls the sequence operation of the whole 
injection molding machine, and the CNC CPU 25 dis- 
tributes movement commands to the servomotors of 
axes based on the operation program in the ROM 27, 
the molding conditions in the nonvolatile memory 24, 
and the like. Also, the servo CPU 20 carries out servo 
control such as position loop control, velocity loop con- 
trol, and current loop control, as in the prior art, based 
on the movement command distributed to each axis and 
the feedback signal of position and velocity detected by 
the position and velocity detector, executes a so-called 
digital servo process, and drives the servomotor of each 
axis. 

[0022] As shown in FIG. 2, the automatic lubricator 1 
adaptively controlled by the PC CPU 18 of the controller 
10 includes a lubricating pump 2 formed integrally with 
a reserve tank, main pipes 3 for introducing grease, 
which is delivered from the lubricating pump 2, to the 
injection molding machine side, junctions 4 connected 
to the main pipe 3. distributors 5 provided on the junc- 
tion 4, branch pipes 6 for introducing grease, which is 
distributed by the distributor 5, to a lubricating unit 7 at 
each pan: of injection molding machine, and lubricating 
units 7 provided in the sliding section and rotating sec- 
tion of injection molding machine to be lubricated. 
[0023] The lubricating unit 7 is made up of, for exam- 
ple, a sliding sleeve interposed between a movable 
platen and a tie bar of injection molding machine, a piv- 
otal I y mounting sleeve provided in a rocking section of 
toggle mechanism, and a socket installed on a ball 
screw for injection or for driving the toggle. As described 
above, in this embodiment, the temperature detector 8 
is installed to the lubricating unit 7 formed by the socket 
installed to the ball screw for driving the toggle. 
[0024] The lubricating unit 7 has various sizes, large 
and small, depending on the installation position 
thereof. Also, since there is a difference in the substan- 
tial number of sliding motions and rotating motions per 
time, the distribution percentage of grease to each lubri- 
cating unit 7 can freely be set manually by each distrib- 
utor 5 provided on each junction 4. 
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[0025] Next the lubricating operation of the automatic 

ct URG ST" d6SCr, ' bed W,,h referenc « 
chart (FIG. 6 ) for automatic lubrication process eZ 

SSSJSS? 6aCh P^^ermined^rbyTe 
GPU 18 of the controller 10. 

10026] The PC CPU 18. which has started the auto- * 

Z Cat '° n Pr ° CeSS ,0r each Predetermine?™" ° 

ml iSSST whether or not a f,ag F1 *oJS2£ 

star a s?r is se?(step 

52). Since the automatic lubricating operation is not 

pZlsTZT 8t ini,ia ' St99e after ^ ° 
process, and the reserve tank is full of grease neither 

(including semi-automatic operation) is selectS !?Z 

e of injection ^ -^SepuT » 

uhn?^ t ° Perat,0n is not se,ected - «»e automatic 
ubncation process of this cycle is finished without So 
further executed. Therefore, in the case of manua oner 

ntexSd*^^ 

counter L forming a « me , a ^ „ °l! 

operation (Step S4). Then, the PC CPU 18 read.; thl « 
present value tin of ball screw temperature via tS tern 
perature detector 8 and the presem vZ £n«VZ 
ent temperature via the thermometer 9. and ^ ££l 
the present value Sn of cycle tune of moS work 
stored in the nonvolatile memory 24 (sTep S) Tnd 35 
adds these values to integrating registers t1 e and s 
respectively (Step S6) " . t2 and S, 

[0029] Next, the PC CPU 18 determines whether or 
not me present value of the counter L reaches the "nTtia 
setting value Ls of lubrication interval (Steo 871 hZ « 
present value does not reach Ls. the automltic^cat 

being further ZSST * " '"^ "* out 

[0030] Until the present value of the counter L reaches « 
the initial setting value Ls of lubrication internal on!v the 
processes of Steps S1 to S7 are repeatSfyTxecuied i* 
he same manner as described above. " " 
r!SIL, During the time w "en such processes are 

value Ls of lubrication interval is detected h„ ^ 
mination process of Sten <? 7 Inn J 7 deter " 

value t2 of ambient temperature during the time from 
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present time, and a mean value S of cycle time of mnw 
•ng work (Step S8). Further, the PC CPU^8 dete Z£ 
a correction value ADL of lubrication ^^0"? 
^ to the mean value t1 of ball screw femp eXure" 
and operation tune Tp of the lubricating pum P ^ 2 cone 

SriL } ' and 3ddS th6 COrrection ADL to te 
lubr^a ,on interval Ls to correct the value of lubrication 

a^The S. ^ Va 'r U C ° nSiderin9 the ^ 'S 

Sfn • T & 3> 4 and 5 each *•* ^ example of a 
datafile in^ ^nonvolatile memory 24 used for 

Sen me Sh T 3 o ata fi ' e Sh0win 9 a ^lationship 
between the mean ime S of cycle time and the lubrica 

ftrflaefl l ^ 5»nurienea and the consumpt onof 

is set s 5 tS^ ^ Afe °- 4,16 ,Ubrication '"^a. Ls 
is set so that even when the cycle time S is 1™™ «,! 

m,nimum necessary l*Wop^Vp5^ 

rn m ro^™ in9 - de ~ ^ 

Kin the balf^T Sh0W ' ng a re,a ^ip 

oerween the ball screw temperature tl reor^nfinn *J1 

temperature of grease and the cor ? 

T*e correction value ADL is set so that when the Si 

screw temperature t1 is low and the loaJ oTinj^fon 

molding machine is lew the lubricationTntla u°s 

h^f When ba " scre " temped n s 

high and the load of injection molding machhels h iah 
me lubrication interval Ls is decreased 9 ' 

is low and the viscosity of grease is high the oumo 
operation time Tp is increased, and when the anSe^ ' 
tenperature t2 is high and the viscosity of greased 
Je pump operation time Tp is decreased 
[0036] The PC CPU 18, which has reset the values of 
»e pump operation time Tp and the .ubricaWon^erla 

2^SthTd^ 

^ to start the delivery of grease (Step S11) resets the 
values of the counter L and integrating Treais Z « 
and S (Steps S12 and S13). andLTtne^^ S sh0 w 
ing automatic lubricating operation being' execX 

[0037] As the result that the flag Fl is set in * a a , ^ 
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nation result is No. Therefore, the PC CPU 18 increases 
the value of the counter L by 1 (Step S28), by which the 
automatic lubrication process of this cycle is finished. 
[0038] Thereafter, only the processes of Steps S1 , 
S15 and S28 are repeatedly executed for each prede- 
termined cycle. During this time, if it is judged in the 
determination process of Step S15 that the value of the 
counter L has reached the operation time Tp of the lubri- 
cating pump 2, the PC CPU 18 stops the operation of 
the lubricating pump 2 (Step S16), resets the counter L 
and the flag Fl (Step Si 7). and subtracts the quantity g' 
of grease delivered by one automatic lubricating opera- 
tion from the present value of a grease residual quantity 
storage register g (initial value is gf) storing the residual 
quantity of grease in the reserve tank to update the 
value of residual quantity g of grease in the reserve tank 
(Step S18). 

[0039] The PC CPU 1 8 divides the present value g of 
residual quantity of grease by the delivery quantity g' 
(setting value) of grease for one cycle to determine the 
number of automatic lubricating operations [g/gl capa- 
ble of being executed with the grease remaining in the 
reserve tank, multiplies this value by the present value 
Ls of lubrication interval to determine the remaining 
time [(g/g') x Ls] for which normal automatic lubricating 
operation can be continued without the refilling of 
grease to the reserve tank, and displays the remaining 
time together with the present value g of residual quan- 
tity of grease on a display of the manual data input 
device 29 to tell the effect to the operator (Step S19). 
[0040] The operation time Tp of the lubricating pump 
2 is set considering the change in viscosity of grease 
caused by the fluctuations in the ambient temperature 
t2. Therefore, the quantity of grease actually delivered 
by one automatic lubricating operation is kept at a sub- 
stantially fixed value approximate to the setting value g', 
and the residual quantity g of grease in the reserve tank 
and the remaining time [(g/g*) x Ls] can be calculated 
exactly as compared with the conventional lubricator. 
[0041] If the present time is read from a clock built in 
the controller 10, [(g/g') x Ls] is added to this value, and 
the sum is displayed, predicted date and time when the 
refilling of grease is needed can be displayed in place of 
the allowance time until the refilling of grease. 
[0042] Next, the PC CPU 18 determines whether or 
not the residual quantity g of grease in the reserve tank 
has decreased to a degree such that the refilling of 
grease is needed, for example, whether or not the resid- 
ual quantity g is not larger than 10% of the maximum 
storage quantity gf in the reserve tank (Step S20). If the 
residual quantity g of grease exceeds 10% of the maxi- 
mum storage quantity gf, the refilling work of grease to 
the reserve tank need not be performed for a while, so 
that the automatic lubrication process of this cycle is fin- 
ished without being further executed. 
[0043] Thereupon, when there is a margin for residual 
quantity g of grease in the reserve tank, that is, when 
the determination result of Step S20 is No, the display of 



the residual quantity g of grease in the reserve tank and 
the remaining time [(g/g*) x Ls] is only updated by the 
processes of Steps S18 and S19 and displayed. 
[0044] Since both of the flags Fl and F2 are set at 0 

s from the next cycle, the processes of Steps S1 to S7 are 
repeatedly executed for each predetermined cycle in 
the same manner as described before. If the value of 
the counter L exceeds the lubrication interval Ls, the 
processes of Steps S8 to S14 are executed, and the 

io processes of Steps S1. S15 and S28 are repeatedly 
executed until the value of the counter L reaches the 
operation time Tp of the lubricating pump 2. If L £ 3 Tp, 
the processes of Steps S16 to S20 are executed. There- 
after, these processes are repeatedly executed, and 

is automatic lubricating operation is repeatedly performed 
for the pump operation time Tp considering the ambient 
temperature t2 for each lubrication interval Ls consider- 
ing the cycle time S and the ball screw temperature tl of 
injection molding machine. 

20 [0045] If the determination result of Step S20 
becomes Yes during the time when the automatic lubri- 
cating operation is repeatedly performed, and it is 
judged that the residual quantity g of grease in the 
reserve tank has decreased to a degree such that the 

25 refilling of grease is needed, the PC CPU 1 8 displays an 
alarm message that the reserve tank should be refilled 
with grease on the display of the manual data input,, 
device 29 to tell the effect to the operator (Step S21),^ 
and sets the flag F2 showing a waiting state of refilling 

30 of grease to the reserve tank (Step S22). 

[0046] Next, the PC CPU 18 determines whether or 
not the refilling of grease to the reserve tank has been 
finished (Step S23). Since the refilling work of grease by 
the operator is not finished in the same process cycle, 

35 the determination result is No. Therefore, the PC CPU 
18 executes the processes of Steps S3 to S7 in the 
same cycle in the same manner as described before, 
and then finishes the automatic lubrication process of 
this cycle. 

40 [0047] As the result that the flag F2 is set, in the auto- 
matic lubrication process in the next and subsequent 
cycle, the processes of Steps S1 . S2, S23, and S3 to S7 
are repeatedly executed, and the PC CPU 18 enters a 
waiting state for waiting the refilling of grease to the 

45 reserve tank. During this time, the determination proc- 
ess of Step S23 is repeatedly executed, and whether or 
not the reserve tank has been refilled with grease is 
checked by the PC CPU 18. 

[0048] Even if an alarm message that the reserve tank 
so should be refilled with grease is displayed on the display 
of the manual data input device 29, about 10% of the 
maximum storage quantity gf of grease remains in the 
reserve tank. Therefore, several automatic lubricating 
operations can be performed continuously in this state. 
55 Thereupon, when the next lubrication interval Ls comes 
before the operator refills the reserve tank with grease, 
the processes of Steps S8 to S14, S1 6 to S22, and S28 
are repeatedly executed in the same manner as 
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bef ° r6, and the automatic '"bricating opera- 
1^ mo '<^ ^hine is perform*^- 

[0049] Since the alarm message is dis D lav«i in tho 
reserve tank, even if a variation occurs in the actual 

catrS t 9 " 336 r S6d f ° r ° ne «c a ,ub • ' 
ucuing operation, for examp e, even if th* art, ,oi w^r 

quantity of grease becomes larger han S ^esSaS 

value g-. the automatic lubricating operation r/nT 

formed during the time unti, £S£ 

Su i? ,?^ data input device 2 9- ™en the PC 

process of I TJ? ° Perati ° n in ■» 
process of Step S23. and updates the value of the reo 
'Ster g storing the residual quantity of area** t^hl 
•rnum storage quantity g* (Lp 2? g «J 

18 releases the alarm display on the dtobvn? th 

r^rsTs^f r re,i,,in9 ° f 

^erve tank (Step S26). Thereafter, the PC CPU ia 

feHr— =-".2=3 

S2s7 thlft? ^ in the dete ™^tion process of 

matic lubricating operation is performed Ak« if T 
grease in the reserve tank decrease o»h u 
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stS,2 h h ° Perat,0n ° f the ,ubricatin 9 P"mp ?be 
stopped by determining in the process of ^£ q?? 

'5 ture have an effect on th» iIk f ar ™' en t tempera- 

unit 7 is detected 6 ,ubricati,1 9 

10054] Also, in the above-deserihoH =™k 
to mean value of the cvel* c T „ embod,m ent, the 

30 [0055] In the above-describpri »*^- 

ture has been measure^ fte^T" T^' 

40 temperature detectors rr»v h fl J Als °- 

r0057] Although in the above-desert 
the lubrication interval h« k aescr,bed embodiment. 
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stantial number of shots. Further, as in the case of mold 
clamping control work and purging work, considering a 
case where only a particular portion of injection molding 
machine such as an injection mechanism or a mold 
clamping mechanism is driven, both of the number of 5 
injections C3 and the number of mold clamping opera- 
tions CI are detected as the number of shots, and when 
at least one of the two reaches the setting value Cs of 
the number of shots, lubrication is effected, by which the 
running out of grease due to the driving of the particular 10 
portion is prevented. 

[0058] The PC CPU 18. which has started the auto- 
matic lubrication process for each predetermined cycle, 
first determines whether or not a flag F1 showing auto- 
matic lubricating operation being executed is set (Step 15 
T1), and whether or not a flag F2 showing a waiting 
state of refilling of grease to the reserve tank is set (Step 
T2). Since the automatic lubricating operation is not 
being performed at the initial stage after the start of 
process, and the reserve tank is full of grease, neither 20 
flag is set. Therefore, the determination results of Steps 
T1 and T2 are No. 

[0059] Then, the PC CPU 18 determines whether 
automatic operation is selected or manual operation 
(including semi-automatic operation) is selected as the 25 
operation mode of injection molding machine (Step T3). 
If automatic operation is not selected, the automatic 
lubrication process of this cycle is finished without being 
further executed. The values of the counter C1 for 
counting the number of mold clamping operations and 30 
the counter C3 for counting the number of injections are 
automatically counted up by one reciprocating opera- 
tion of the mold clamping mechanism or one reciprocat- 
ing operation of the injection screw independently of 
automatic operation and manual operation (including 35 
semi-automatic operation). 

[0060] On the other hand, if automatic operation is 
selected, the PC CPU 18 first increases the value of the 
counter L forming the timer by 1, and 'updates and 
stores the elapsed time from the previous automatic 40 
lubricating operation (Step T4). Then, the PC CPU 18 
reads the values of the molding clamping counter C1 
and the injection counter C3 (Step T5), and determines 
whether or not the present value of the mold clamping 
counter C1 reaches the setting value Cs of the number 45 
of shots by which the lubricating operation is performed 
(Step T6). If the determination result is No, the PC CPU 
18 further determines whether or not the present value 
of the injection counter C3 reaches the setting value Cs 
(step T7). so 
[0061] If the present values of both counters do not 
reach the setting value Cs, automatic lubricating opera- 
tion need not yet be performed at this stage, so that the 
PC CPU 18 finishes the automatic lubrication process 
of this cycle without further executing it 55 
[0062] Thereafter, until the present value of the mold 
clamping counter C1 or that of the injection counter C3 
reaches the initial setting value Cs of lubrication inter- 



val, only the processes of Steps T1 to T7 are repeatedly 
executed. 

[0063] tf during the time when such processes are 
repeatedly executed, it is judged in the determination 
process of Step T6 that the present value of the mold 
clamping counter C1 has reached the initial setting 
value Cs of the number of shots at the lubrication inter- 
val, the PC CPU 18 reads the present value t1 of the 
mold clamping ball screw temperature via the tempera- 
ture detector 8 for the mold clamping ball screw (Step 
Tl 1), determines a correction value ADCsl of lubrica- 
tion interval corresponding to the present value tl of the 
mold clamping ball screw temperature by referring to 
the data file in the nonvolatile memory 24 (Step T12), 
and stores this value in a correction value storage regis- 
ter ADCs (StepT13). 

[0064] If the correction value ADCsl is replaced with 
ADL, the logical structure of data f ile regarding the mold 
clamping ball screw temperature t1 is substantially the 
same as that of the aforementioned data file shown in 
FIG. 4. In this embodiment, however, since the lubrica- 
tion interval is controlled on the basis of the number of 
executions of shot, in the correction value column of 
data file corresponding to FIG. 4. the correction value 
ADCsl (integral number) of the number of executions of 
shot, not the correction value ADL of time, is stored. 
[0065] On the other hand, during the time when the 
processes of Steps T1 to T7 are repeatedly executed, if > 
it is judged in the determination process of Step T7 that 
the present value of the injection counter C3 has 
reached the initial setting value Cs of the number of 
shots at the lubrication interval, the PC CPU 18 reads 
the present value t3 of the injection ball screw tempera- 
ture via the temperature detector 30 for the injection ball 
screw (Step T8), determines a correction value ADCs3 
of lubrication interval corresponding to the present 
value t3 of the injection ball screw temperature by refer- 
ring to the data file in the nonvolatile memory 24 (Step 
T9), and stores this value in a correction value storage 
register ADCs (Step T10). 

[0066] The logical structure of the data file regarding 
the injection ball screw temperature t3 is also substan- 
tially the same as that of the data file shown in FIG. 4. In 
this embodiment, however, since the lubrication interval 
is controlled on the basis of the number of executions of 
shot, in the correction value column of data file corre- 
sponding to FIG. 4, the correction value ADCs3 (integral 
number) of the number of executions of shot, not the 
correction value ADL of time, is stored as in the case of 
the aforementioned data file of mold clamping ball 
screw temperature t1 . 

[0067] The CP CPU 18. which has determined the 
correction value ADCs of lubrication interval based on 
the temperature of ball screw having the larger number 
of operations in the process of Step T13 or T10. reads 
the present value t2 of ambient temperature via the 
thermometer 9 (Step T14), and determines the correc- 
tion value ADCs' of lubrication interval for the ambient 
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temperature 12 and the value of operation time T P of the 

ZSSi mi fST°^ 10 the — ^ tem " 

[0068] The structure of the data file storing the correc- 

Tth^H D S S t ' (inte9ral number) 0< ,ubricat ™ Si 5 
for the ambient temperature t2 is as shown in FIG 4 like 

the logical structure of the data file regarding the mold 
clamp.ng ba(| screw tmpmtun „ ^^"JJ 

screw temperature t3. Also, the structure of the data ffle 
storing the operation time Tp of the lubricating pump 2 10 
corresponding to the ambient temperature t2 S 
SLo," 1 ^ 1 ^ " *• Mentioned fS T 

ADCs o lubr.cat.on interval based on the ball screw 
temperature and the correction value ADCs' of lubSa ,s 
t-on interval based on the ambient temperature t2 to 7e 
present setting value Cs of the numbed shote for car 
y^g out .ubrication to correct the setting value Cs of 

It! * ** for ^ luLation to a 

vafoe Cs cons.der.ng the temperature t1 or t3 of ball so 
screw having the .arger number of operations ^ep 

[0070] As described above, when the value of the 
injection counter C3 first reaches the setting value Cs 
by driving the injection mechanism on.y ( the v^ue of the „ 
•njection ball screw temperature t3 is lonSSnS Alio 

rTacnes^'T' *" dampi " 9 ^ CltS 

inn mf h ett ' n9 V3,ue Cs * drivin 9 mold clamp 

mgmechan,sm only, the value of the mold clamping^ 
screw temperature t1 is considered 

[0071] Then, the CP CPU 18 stores the present value 
of the counter L. that is. the required time from t P e 
v.ous automatic lubricating operation to the present 
tTI ^ UbriCati "9 °P^ion in a register U g e p 
T17). gives an operation command to the lubricat™ « 

Pump2tostar,thede.iveryofgrease(Se^T8^ " 
the values of the counters L, C1 and C3 (Seps T19 aS 

olratio^^ 

TM72 A^!° n Pr0C6S$ ° f thiS <* Cle is ,ini S"ed. 
[0072] As the result that the flag F1 is set in the a .tn 

retrtht " ^ 1,16 Va,US * L 

S J } " * he pr6Sent 8h * e ''^mediately after the 
start of operation of the lubricating pump 2. the determ* 
nabon result is No. Therefore, the PC C?U 18 inc^asl 
^^c1^ merLlV 1 ^^.bywhS 

SLt^ • ° n,y the P roc ^s of Steps T1. 
mSS^ f 5 are repeated| y executed for each predeter 
mmed cycle. During this time, if it is judged in tEe deter 
mination process of Sten t?o J. 
r^nnteri £^ ,e5>5 OT &,e P 122 that the value of the 
counter L has reached the operation time Tp of the lubri 55 
eating pump 2, the PC CPU 18 stops the opaSion of 

Z tt inr* 2 (St6p ^ ^ets thSert 
and the flag Fl (Step T24). and subtracts the quan% g - 
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tio V6red bV 006 3Ut0matic » ubrica «"9 opera- 
stoJrJ f Va ' Ue ° f 3 9rease ^idual quantity 

quantity of grease in the reserve tank to uDdate the 

[0074] The PC CPU 18 divides the present value o of 

(setting value) of grease for one cycle to determined 
number of automatic lubricating operations [Jg c^pa 
ble of being executed with the grease rema nina in SI 
reserve tank, multiplies this value by the v^UoHim! 
corresponding to the substantia. Scat" imer^ to 

mal automatic lubricating operation can be continued 

S£L t refi,lin9 of 9rease to the - se - sns 

displays the remaining time together with the oresent 
value g of residua, quantity of grease on 3 
the manual data input device 29 to tell the effert to thi 
operator (Step T26). »«' we effect to the 

[0075] The operation time Tp of the lubricating pump 
1 ™?™*™a the change in viscosity of grease 

T^X the £ UCtUati0nS me ambie "< t-perXe 
^. Therefore, the quantity of grease actually delivered 
by one automatic lubricating operation kZlT^T 

and the residual quantity g of grease in the reserved 
and the remaning time [(g/g) x U] can be calculated 

SS a ^ mpared wrth ^ conventional lubricate" 
[0076] If the present time is read from the clock built in 
the controller ,0. [(g/g-) x Ls] is added to ^u^nd 
the sum is displayed, predicted date and time whence 
ref ,.,,ng of grease is needed can be disp.ayed in pla^e 0^ 
tte aMowance time until the refilling of grease 
SZ N T; the PC CPU 18 de ^ini whether or 

h^dec r ss rr? 9 of 9rease in me ™ 

nrool ° 3 dS9ree **** tha » the refilling of 

grease is needed, for example, whether or not the r?sid 
ua^ quantity g is not larger than 10% of the ma^c S 
storage quantity gf in the reserve tank (Step T27T7me 
resriual quantity g of grease exceeds 0% of the ma^i 
mum storage quantity gf. the refilling work of greaTJto 
*e reserve tank need not be performed for awSe £ 
thatthe automatic lubrication process of this cycle is "f " 
.shed wrthout being further executed 
[0078] Thereupon, when there is a margin for residual 
quantoty g of grease in the reserve tank ih* il 
^edeterminationresu.tofSte P T27i a N^ 
tt^e res.dua quantity g of grease in the reserve tSk arS 
the remaming time [(g/g-) x Ls] is only updaTedbv tS 

steps T2S and T26 and *K? 

[0079] S .nce both of the flags F1 and F2 are set at 0 
frc^ me next cycle, the processes cl Steps T? to T 7 a ° 
repeatedfy executed for each predetenmmed^yde " 
Je same manner as described before. If the value £ 
the counter C1 or C3 exceeds the setting value Cs o 
tfie number of shots corresponding i ^ fteTubri^ 
.nterva.. the processes of Steps T-1?- to -STli 
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T8 to T10 and Steps T14 to T21 are executed, and the 
processes of Steps T1, T22 and T35 are repeatedly 
executed until the value of the counter L reaches the 
operation time Tp of the lubricating pump 2. If L £ 3 Tp, 
the process of Step T27 is executed. Thereafter, these 
processes are repeatedly executed, the temperature t1 
or t3 of ball screw having the larger number of opera- 
tions tees precedence, and automatic lubricating opera- 
tion is repeatedly performed for the pump operation 
time Tp considering the ambient temperature t2 for 
each number of shots Cs of lubrication interval consid- 
ering the ambient temperature t2. 
[0080] If the determination result of Step T27 
becomes Yes during the time when the automatic lubri- 
cating operation is repeatedly performed, and it is 
judged that the residual quantity g of grease in the 
reserve tank has decreased to a degree such that the 
refilling of grease is needed, the PC CPU 18 displays an 
alarm message that the reserve tank should be refilled 
with grease on the display of the manual data input 
device 29 to tell the effect to the operator (Step T28), 
and sets the flag F2 showing a waiting state of refilling 
of grease to the reserve tank (Step T29). 
[0081] Next, the PC CPU 18 determines whether or 
not the refilling of grease to the reserve tank has been 
finished (Step T30). Since the refilling work of grease by 
the operator is not finished in the same process cycle, 
the determination result is No. Therefore, the PC CPU 
18 executes the processes of Steps T3 to T7 in the 
same cycle in the same manner as described before, 
and then finishes the automatic lubrication process of 
this cycle. 

[0082] As the result that the flag F2 is set, in the auto- 
matic lubrication process in the next and subsequent 
cycle, the processes of Steps T1 , T2, T30, and T3 to T7 
are repeatedly executed, and the PC CPU 18 enters a 
waiting state for waiting the refilling of grease to the 
reserve tank. During this time, the determination proc- 
ess of Step T30 is repeatedly executed, and whether or 
not the reserve tank has been refilled with grease is 
checked by the PC CPU 1 8. 

[0083] Even if an alarm message that the reserve tank 
should be refilled with grease is displayed on the display 
of the manual data input device 29, about 10% of the 
maximum storage quantity gf of grease remains in the 
reserve tank. Therefore, several automatic lubricating 
operations can be performed continuously in this state. 
Thereupon, when the next lubrication interval Ls comes 
before the operator refills the reserve tank with grease, 
the processes of Steps T11 to T13 or T7 to T10. and 
Steps T14 to T21 and T23 to T29 and T35 are repeat- 
edly executed in the same manner as described before, 
and the automatic lubricating operation for the injection 
molding machine is performed without trouble. 
[0084] Since the alarm message is displayed in the 
state in which some quantity of grease remains in the 
reserve tank, even if a variation occurs in the actual 
delivery quantity of grease used for one automatic lubri- 



cating operation, for example, even if the actual delivery 
quantity of grease becomes larger than the estimated 
value g', the automatic lubricating operation can be per- 
formed during the time until the reserve tank is refilled 
5 with grease, so that the actual lubricating operation is 
not hindered. 

[0085] The operator, who has checked the alarm mes- 
sage of refilling of grease during this time, refills the 
reserve tank with grease and operates the refill finish 

io button on the manual data input device 29. Then, the 
PC CPU 18 detects this operation in the determination 
process of Step T30, and updates the value of the reg- 
ister g storing the residual quantity of grease to the max- 
imum storage quantity gf (Step T31). Next, the PC CPU 

is 1 8 releases the alarm display on the display of the man- 
ual data input device 29 (Step T32), and resets the flag 
F2 showing the waiting state of refilling of grease to the 
reserve tank (Step T33). Thereafter, the PC CPU 18 
determines the present value g of residual quantity of 

20 grease and the remaining time [(g/g*) x Ls] for which 
normal lubricating operation can be continued without 
the refilling of grease, and displays the present value g 
of residual quantity of grease and the remaining time 
[(g/g f ) x Ls] on the display of the manual data input 

25 device 29 (Step T34), and executes the processes of 
Steps T3 to T7 in the same manner as described 
before, by which the automatic lubrication process of 
this cycle is finished. 

[0086] If it is judged in the determination process of 

30 Step T6 or T7 that the value of the counter C1 or C3 
counts the number of shots Cs of lubrication interval in 
the automatic lubrication process in the next and subse- 
quent cycle, on each occasion the lubricating pump 2 is 
operated for the operation time Tp according to the 

35 ambient temperature, so that the automatic lubricating 
operation is performed. Also, if it is judged in the proc- 
ess of Step T27 that the quantity g of grease in the 
reserve tank decreases and becomes smaller than 1 0% 
of the total quantity, the alarm message of refilling of 

40 grease is displayed again. By referring to this alarm 
message, the operator refills the reserve tank with 
grease. Thereafter, this operation is repeated. 
[0087] According to this embodiment, both of the val- 
ues of the mold clamping counter C1 and the injection 

45 counter C3 are detected as the substantial number of 
shots, and lubricating operation is performed at the 
stage at which either one of these values reaches the 
setting value Cs of the number of shots for carrying out 
lubrication. Therefore, as in the case of mold clamping 

so control work and purging work by manual operation, 
even when only a particular portion of injection molding 
machine such as the injection mechanism or the mold 
clamping mechanism is driven, the occurrence of run- 
ning out of grease in the particular portion can be pre- 

55 vented. 

[0088] According to the present invention, since the 
lubricating conditions is adaptively controlled according 
to the operation environment of injection molding 
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machine, even if the cycle time and load of injection s 
molding machine, ambient temperature, and the like are 
varied, proper automatic lubricating operation can be 
performed, and the injection moWing machine ctn be 

iZL." \? ctory condi,ion for a ,on9 perit * Si? s 

[0089] Also, since the quantity of grease consumed for 

STiST? ,ubricatin9 operation is kept «SSS 

or!«!- J, !. rema,n,ng time unt " the refilling of 
grease ,s needed, or the date and time when the ref Ming w 
of grease ,s needed can be predicted exactly. Moreover 

time or the date and bme when the refilling of grease is 
2 1 3re ***** «• the display, the running Tut G f 
grease can be prevented by refilling the reserve tank ,5 
with grease at a proper time. 

[0090] Further, even when only a particular portion of 
■njectic^ molding machine such as the injection 

o f old c,ampin9 mechanism * 

^1 u rUnnmg ° ut of 9 rease in ^e Particular 20 
portion can be prevented. 

Claims 
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1. 



An automatic lubricator for an injection molding 
machine, comprising: M 

a lubricating pump for supplying lubricant to 

a controller for controlling an interval of opera- 
tion of said lubricating pump or operating time 
of said lubncating pump for one lubrication 
based on at least one of cycle time of the injec- 
tion moldmg machine, temperature of the lubri- 
cated parts and ambient temperature. 

An automatic lubricator for an injection molding 
machine according to claim 1. wherein said control 
ler controls the interval of operation of said lubricat- 
ing pump based on the cycle time of the injection 
mofchng machine and the temperature of the lubri- 
cated parts. 



25 
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40 



3. 



An automatic lubricator for an injection molding 
,™^™l CC ° rd,n 9 to *™ 1. wherein said control 
* the operating time of said lubricating 

perature of the injection molding machine. 

An automatic lubricator for an injection molding 

te lZ* 000 !?!"? *° daim "' Wherein control 
ler ma kes sad lubricating pump perform the lubri- 
cating operation each time when set number of 
shots ; are completed and also adaptively controls 

oTshof ' nterVal by adjUStin9 * e set number 



45 



50 



™* c ' ubr,cator f or an injection molding 
machine according to claim 4. wherein said control 
ler makes said lubricating pump perform the lubri- 
cating operation each time when at least one of the 
number of ■njecbon operations and the number of 
mow ctempmg operations of the injection molding 
machine reaches said set number of shots. 

An automatic lubricator for an injection molding 
machine according to any one of claims 1 to 5 
TZZ? Sa H K,au,oma t i = «"bricator further comprises 

di^ H deV,C6, 3nd ^ contr °"er makes sad 
display device display at least one of the residual 
quantity of lubricant in a reserve tank reSna 
time until refilling of lubricant is needed, a^ date 
and time when the refilling of lubricant is needed 
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ABSTRACT OF THE DISCLOSURE 

An injection molding machine including a clamping 
means or mechanism which comprises a toggle linkage 
and cylinder means for actuating the toggle linkage, such 
cylinder means being supported below the toggle linkage 
by supporting arms. The clamping means is immersed in 
lubricant to locate the connections of the supporting arms 
to the cylinder means in the lubricant; and lubricant is 
supplied onto the connections of the toggle linkage and 
onto the connections between the supporting arms and 
the platens. Also, the tie rods are longitudinally movable 
for providing adjustment of the space between the mold 
carrying platens; and a mold carrying platen is selectively 
driven relative to the injection unit by a cylinder-and- 
piston drive mechanism. 
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This invention relates to improved clamp drive mecha- 
nisms in injection molding machines. 

Injection molding machines usable with molds of var- 30 
ious thicknesses must be adjusted to accommodate each 
new set of molds. It is not desirable to adjust the stroke 
of the clamping mechanism for proper mating of each 
new set of molds as this mechanism is meticulously de- 
signed to impose massive forces, in the order of lens of 35 nient of the invention, taken together with the attached 
tons, and such adjusting capabilities would increase the drawings, in which: 

complexity of the mechanism. In some machines adjust- FIG. 1 is an elevation of an injection molding machine 

ment is made by moving the platen accommodating the in- according to this invention; 

jection unit on tie rods which connect the clamping mech- FIG- 2 is a plan view of the machine of FIG. 1; 

anism to that platen. This places the adjusting mechanism 40 FIG. 3 is a perspective view of the end of the machine 
in the already-congested area of the injection unit, where 



which may include a compartment for enclosing the clamp- 
ing mechanism, the clamping mechanism including a tog- 
gle linkage and a hydraulic clamping cylinder, the toggle 
linkage having a first link connected at its outer end to a 
clamping platen and a second link connected at its outer 
end to a moving platen, the links being pivotally intercon- 
nected at their inner ends, the clamping platen being fixed 
to the base of the machine and the moving platen being 
slidable on a guide member between the clamping platen 
and a second platen which is spaced from the clamping 
platen; the hydraulic clamping cylinder is supported from 
the clamping and moving platens by first and second arms, 
respectively, pivotally connected to the cylinder, and a lu- 
bricating system disposed within the compartment for 
lubricating the clamping mechanism. 

In preferred embodiments, the machine may include 
an adjustment mechanism on the clamping platen and the 
guide member includes a plurality of tie rods, the second 
platen being attached to, and movable as a unit 
with, the tie rods. The adjustment mechanism may 
include a drive nut threadably engaged with each of the 
tie rods, a drive wheel connected with one of the drive 
nuts for rotating that drive nut and moving the associated 
tie rod through it, and a drive chain engaging all of the 
drive nuts for rotating them in unison to insure alignment 
of the second platen. Other embodiments may include 
drive means which are connected to the second platen 
for moving that platen and adjusting the mold setting in 
cooperation with the adjustment mechanism and which 
may be connected to the injection unit of the machine for 
moving the second platen and injection unit relative to 
each other. 

Other objects, features, and advantages will appear 
from the following description of a preferred embodi- 



access and operation are quite difficult. 

Clamping mechanisms of these machines generally em- 
ploy a toggle linkage with its two outer ends connected to 
a fixed and a movable platen, and its center pin to a con- 
necting rod connected to a piston in a hydraulic cylinder. 
The arrangement usually is such that increasing the pres- 
sure on the rod side of the piston brings the outer ends 
of the toggle links toward each other and opens the mold, 
while pressure on the other side of the piston drives the 
outer ends apart and closes the mold. The toggle linkage 
is a large but very precisely constructed mechanism and 
it is essential that it be kept clean and well lubricated. 
Portions of the linkage that protrude above the machine 
increase its height and are exposed to dust and corrosive 
elements in the atmosphere that increase wear and hasten 
deterioration of the linkage. The exposed joints are dif- 
ficult to keep properly lubricated as well. 

It is therefore a primary object of this invention to pro- 
vide an injection molding machine having a toggle linkage 
which may be totally enclosed within the body of the ma- 
chine permitting a reduction in the height of the machine 
and allowing total lubrication of the linkage while protect- 
ing it from dust and corrosion. 

It is a further object of this invention to provide an ad- 
justment mechanism in an injection molding machine 
which can quickly, easily, and uniformly adjust for each 
set of molds used, whose setting, once adjusted, is resist- 
ant to change by extraneous forces, and which is accessi- 
bly placed on the injection molding machine. 

The invention features an injection molding machine 
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at the left of FIGS. 1 and 2. 

There is shown in the drawings an injection molding 
machine having a base 10 which supports runners 12, 
having guide edges 14, and injection unit 16. Clamping 
platen 18 is fixed to one end of said runners and contains 
four bores 20 through which pass four tie rods 22. Tie 
rods 22 are attached to adjustable platen 24 and position 
it relative to clamping platen 18. They further act as 
guides for moving platen 26 in bores 28 and mold plate 
30 in bores 32. Brass shoes 34, mounted on the bottoms 
of platens 24 and 26, and plate 30 prevent excessive wear 
of runners 12 as these members slide on them. 

Tie rods 22 are moved through bores 20 in clamping 
platen 18 in order to position adjustable platen 24 in ac- 
cordance with the thickness of particular molds. Thread- 
ed ends 36 of tie rods 22 are engaged by an adjustment 
mechanism which includes sprockets 38 and 42, drive 
nuts 40, hand wheel 44, and chain 46, and which is mov- 
able with tie rods 22 independent of platen 18. Three 
sprockets 38 rotatably supported by tie rods 22 are keyed 
to rotate with drive nuts 40 and a fourth sprocket 42 
also; rotatably supported by a tie rod is keyed to rotate 
with hand wheel 44. Rotation of hand wheel 44 rotates 
its associated sprocket and through chain 46 rotates 
sprockets 38 and drive nuts 40. 

Tie rod clamps. 52 mounted on threaded clamp studs 
54 secured in clamping platen 18 are held firmly against 
bearing surfaces 56 on the ends of tie rods 22 by jam 
nuts 58, to prevent the tie rods from being moved rela- 
tive to clamping platen 18 by forces exerted during opera- 
tion of the machine. 
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The clamping mechanism or means of the machine in- 
cludes a toggle linkage and cylinder means comprising a 
hydraulic cylinder 60 suspended by arms 62 from pivot 
pin 64 in mounting 66 on clamping platen 18 and pivot 
pin 68 in mounting 70 on moving plate 26. Arms 62 are 
pivotally connected to cylinder 60 by pins 72 in mount- 
ings 74. The force developed on the piston within cyl- 
inder 60 is communicated to the system by a connecting 
rod 76 and bearing 78 containing a wrist pin 80. The 
toggle linkage employs link 82 connected to pins 68 and 
80 and link 84 connected to pins 64 and 80. 

Mold plate 30 is fastened to moving platen 26 by four 
spacer rods 86. Hydraulic knockout cylinder 88, attached 
to moving platen 26, drives ejector plate 90 supported 
and guided by its circular recesses 92 on spaced rods 86. 
There are seventeen ejector points 94 (only a few are 
shown) carried by ejector plate 90. They are received in 
bores 96 in mold plate 30 and corresponding bores in 
mold half 31. 

Side panels 98 and 100, end panels 106 and 108, cover 
panel 110 and base panel 112 form a compartment 95 
which permits continuous lubrication of the clamp mecha- 
nism by the lubrication system 97 and protects it from 
atmospheric dust and corrosion. Tie rods 22 pass through 
apertures 114, and spacer rods 86 through apertures 116, 
in plate 108. At the bottom of compartment 95 is a lubri- 
cant reservoir 99 containing the lubricant 101. Lubricat- 
ing system 97 draws the lubricant from reservoir 99 by 
means of pump 103 and delivers it through pipe 105 to 
conduits 107, 109, and 111 associated with pivot pins 64, 
80 and 68, respectively. From conduits 107, 109, and 
111 the lubricant is directed by a plurality of dispensers 
113 toward the associated pins 64, 80 and 68. 

Injection unit 16 is mounted on carriage 118, slidable 
on runners 12, to permit alignment of injector nozzle 120 
in corneal port 122 in adjustable platen 24. Nozzle 120 
enters the mold directly through a corresponding port in 
mold half 123. 

Dry molding material placed in hopper 124 moves into 
wear resistant steel barrel 126 through a feed hole. The 
material is heated by electric heating bands 127 which, in 
conjunction with the pressure applied by the usual rotat- 
ing screw, not shown, within barrel 126, plasticizes the 
molding material. The barrel 126 and hopper 124 assem- 
bly is supported on feeder crosshead 128 mounted on 
carriage 118 and is connected to ram crosshead 130 by 
guide bars 132. The screw is driven by hydraulic motor 
134 through gears in gear housing 136. The screw is 
rammed forward, injecting the plasticized material into 
the mold, by injector rams 138 slidable in injector cylin- 
ders 140. Hydraulic power is applied to the ram 138 and 
cylinder 140, as it is to the clamping cylinder 60, and 
knockout cylinder 88, by the main hydraulic system of 
the machine contained within base 10 below injector unit 
16. Cylinder 60 is caused to close the mold by an increase 
in hydraulic pressure on line 142, and to open it by an 
increase in hydraulic pressure on line 144. 

Adjustment of the mold half spacing is accomplished 
by rotating hand wheel 44 until the nuts 40 are displaced 
from platen 18 by a distance equal to the desired in- 
crease in distance at the mold area. Then cylinder 60 is 
pressurized to move palten 26 toward platen 24 so that 
mold half 31 contacts mold half 123 driving platen 24 
away from platen 18 until nuts 40 once again bear on 
platen 18. Final adjustment may be accomplished with 
precision by rotating hand wheel 44 to draw platen 24 
toward platen 18 for exact spacing of the mold halves. 
Jam nuts 58 must now be drawn up on studs 54 to secure 
clamps 52. Reducing the space at the mold area is ac- 
complished by backing off jam nuts 58 a distance equal 
to the reduction desired and then rotating hand wheel 44 
to move platen 24 and draw tie rods 22 through platen 
18 until bearing surfaces 56 are again contacting clamps 
52. 
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Increasing the pressure in line 142 drives rod 76 into 
cylinder 60, drawing wrist pin 80 and the associated ends 
of links 82 and 84 downwardly. This tends to drive pins 
64 and 68 apart, resulting in moving platen 26 being 
driven away from fixed clamping platen 18, and closing 
the mold. Links 82 and 84 are nearly colinear in the 
closed mold condition; less than complete horizontal 
alignment is desirable to increase the speed of operation 
and avoid locking. The molds are parted by an increase 
2Q in the pressure in line 144. This drives rod 76 out of cyl- 
inder 60, moving pin 68 toward pin 64, which draws mov- 
ing platen 26 toward clamping platen 18, opening the 
mold. 

Carriage 118 may be moved relative to adjustable 

15 platen 24 for proper engagement of nozzle 120 and port 
122 by drive mechanism 148 including cylinder 150 and 
piston 152, FIG. I. Cylinder 150 mounted on carriage 
118 drives piston 152 by means of hydraulic power sup- 
_ plied through lines 154 and 156; piston 152 is mounted 

20 to platent 24 in block 158. Drive mechanism 148 may be 
caused to supply the force to move adjustable platen 24 
relative to carriage 118 and clamping platen 18 for ad- 
justing the mold space between mold halves 31 and 123 
by inserting clevis pins 160 in bores 162 in carriage 118 

25 and coperating bores 164 in base 10. With pins 160 so 
engaged carriage 118 cannot respond to the urgings of 
drive mechanism 148. Instead, the force applied by drive 
mechanism 148 moves platen 24. 

Thus, drive means 148 may be employed to give a 

30 power assist to the manual adjustment mechanism con- 
trolled, by hand wheel 44. To increase the distance be- 
tween platens 24 and 26, hand wheel 44 is rotated until 
the distance between drive nuts 40 and platen 18 is equal 
to the increased distance desired at the mold area. Pres- 

3 ? surizing cylinder 150 through line 154 drives piston 152 
and platen 24 away from moving platen 26 until nuts 40 
once again bear on platen 18. Clamps 52 are now brought 
against bearing surfaces 56 by moving jam nuts 58 to- 
ward platen 18 a distance equal to the increased distance 
" between platens 24 and 26. 

Decreasing the distance between platens 24 and 26 is 
accomplished by moving jam nuts 58 away from clamps 
52 a distance equal to the desired decrease between plat- 
ens 24 and 26 and pressurizing cylinder 150 through line 

45 156. This action drives piston 152 and platen 24 towards 
moving platen 26 until bearing surfaces 56 of tie rods 22 
once again engage clamps 52; hand wheel 44 is now ro- 
tated until drive nuts 40 again bear on platen 18. 

Removing clevis pins 160 when jam nuts 52 and drive 

50 nuts 40 are drawn up tight permits drive mechanism 148 
to be used to move carriage 118 toward and away from 
platen 24 for proper positioning of nozzle 120 in port 122. 

Other embodiments will occur to those skilled in the 
art and are within the following claims. 

55 What is claimed is: 

1. An injection molding machine comprising a clamp- 
ing platen, a second platen spaced from said clamping 
platen, a moving platen positioned and movable between 
said clamping and second platens, clamping means in- 

CO eluding a toggle linkage actuatable for moving said mov- 
ing platen and cylinder means for actuating said toggle 
linkage, said toggle linkage including first and second 
links having inner ends and outer ends, said first link be- 
ing connected at its outer end to said clamping platen 

65 and said second link being connected at its outer end to 
said moving platen, said links being pivotally intercon- 
nected at their inner ends, a first supporting arm con- 
nected at opposite ends to said clamping platen and said 
cylinder means, a second supporting arm connected at 

70 opposite ends to said moving platen and said cylinder 
means, said supporting arms supporting said cylinder 
means from said clamping platen and said moving platen, 
and means defining a compartment enclosing said clamp- 
ing means, said compartment containing lubricant at a 

75 level to cause said clamping means to be sufficiently im- 
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[57] ABSTRACT 

A lubricating system is installed in a common injection 
molding machine which includes a stationary mold half 



unit, a movable mold half unit which can be moved 
towards and away from the stationary mold half unit, a 
toggle mechanism coupled with the movable mold half 
unit so as to be driven to move the movable mold half 
unit, a mold pressing hydraulic cylinder having a piston 
rod coupled with the toggle mechanism so as to drive 
the toggle mechanism, and an oil feed system coupled 
with the mold pressing hydraulic cylinder so as to pro- 
vide hydraulic pressure for the mold pressing hydraulic 
cylinder to drive the toggle mechanism. The lubricating 
system includes a pump driving hydraulic cylinder cou- 
pled with the oil feed system so that the pump driving 
hydraulic cylinder can be operated synchronously with 
the mold pressing hydraulic cylinder, an oil tank for 
storing lubricating oil, and a lubricating oil pump cou- 
pled with the oil tank, the toggle mechanism and the 
piston rod of the pump driving hydraulic cylinder so 
that the oil pump is activated by the piston rod of the 
pump driving hydraulic cylinder so as to receive lubri- 
cating oil from the oil tank and then force the lubricat- 
ing oil from the oil pump to the toggle mechanism in 
order to lubricate the latter. 
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TOG ^ L ^^ ECnON M OLDING MACHINE ,^7 m0ld ha,funit < Dl > an " which is spaced apart from 
HAVING A LUBRICATING MOT?"* whichTcouT^ °t °?"«*» rods cSff2,*3 

BACKGROUND OF THE INVENTION 5 ■ffi-y^^tS&^JSLS 
L Field Of The invention 5 » movab,e ".old half unit (EM )££ £ 

s^r th ? m0t0r < not *°wn), an oU £nl f„ot" ' ^ ™ tb * e toggle mechanism (D^ in such a 
system ffl) S Z!!L thcreui - A Material feeding th e ,o^T- i u Ca " b «««vated hydraulically to drive 

ing. Referring to HG j t h^ m f H SJ,sttl ? <*> for mold- 20 £ch oSer h?^" ^ "* COnnected PivotalJy to 

chine and are cnaJ; ;T y of the molding ma- Dctwcen th « movable mold half unit (C4 rM\**T.l 
the stationary LoS £SrS*SS? y .* 006 ^ of ° < Perati ° n ° f the m ° ld P"*£g «7 C K 

^^^"^^^ 

connecting plates rrsMi e 0ther one of the COntact joined together bv oil n«« P ? e 

connecting rods «§? t5 " te , rCon 1 nects the lower two the lubricating oil can dS»fe »° Aat 

mold half unit (C4) Themowt ( • ^ d the movabI e «S drawback of this lubricating svstIm °c ,K " eeded - ^ 
der OCT) has a S^SSKSJ^ «^ ««« wherein EK^aSSlS 

the stationary wall /™ 8 ?V ( P> lnd interconnects mined amount of oil to t»,~„ . a P rcd eter- 



BNSDOCID- <US_52979S3flt_L> 



5,297,953 

3 4 

motor pump. Because of the low viscosity of the lubri- ___ . _ _ __ _ M _ 

eating oil, the lubricating oil cannot flow into the tight DE JS^ ISSSmS^* 
contact areas even if the oil feeding time interval is PREFERRED EMBODIMENT 
minimized and/ or the amount of lubricating oil in one Referring to FIG. 4, a lubricating system for a corn- 
pumping action is increased. Furthermore, the exces- 5 mon injection molding machine according to this inven- 
sive lubricating oil is wasted and can cause contamina- tion includes a pump driving hydraulic cylinder (2), a 
tion problems. lubricating oil pump (3), an oil tank (4) for storing lubri- 
cating oil therein, and a pressure relief valve (6). The 
SUMMARY OF THE INVENTION molding machine includes an oil feed system (1) and a 

Therefore, the main object of this invention is to 10 mold Passing hydraulic cylinder (CT) which is ar- 

provide a lubricating system for an injection molding ra ng«d in the injection molding machine in the same 

machine, which lubricating system is efficient and rela- mann 1 er i 85 * c cylinder <C7) (see FIG. 2) and which is 

tively inexpensive. ~ coupled with the oil system (1). 

According to this invention, a lubricating system is „ .^J^V"** 8 cylinder (2) is coupled 

provided on a common injection molding machine, 15 ™ th r the °* f * ed j**™ <* 'and the mold pressing hy- 

which machine includes a sitionary mold half unit, a cyh ? de 5 > *> * at * e <£ ^ed system (1) 

movable mold half unit which can be moved towards ^ Vld f a ^^P/^ th< \ m ° ld T^™* 

rsjr^ir* -vox *?■ ssssSKSSs^rxtssass 

fc ^ H • P l ^ movabl K e 1 mold 1 ^ f " mt "P 20 of the hydraulic cylinders <C7',2). The pump driving 

as to be dnven to move the movable mold half unit hydrauiic cylmder y (2) has a piston rod (21) which ex- 

towards and away 'from the stationary mold half umt, a lends outward from ^ Nonary cylinder body 

mold pressing hydraulic cylinder having a piston rod ^ outer end of ^ iston rod (21) ^ ^ 

coupled with the toggle mechanism so as to drive the moved hydraulically toward and away from the cylin- 

toggle mechanism, and an oil feed system coupled with 2 5 der body. The lubricating oil pump (3) is coupled with 

the mold pressing hydraulic cylinder so as to provide the outer end of the piston rod (21) of the pump driving 

hydraulic pressure for the mold pressing hydraulic cyl- hydraulic cylinder (2) so that the oil pump (3) is driven 

inder to drive the toggle mechanism. The lubricating by the piston rod (21) of the pump driving hydraulic 

system includes a pump driving hydraulic cylinder that cylinder (2). The oil pump (3) has an oil inlet unit (31), 

is coupled with the oil feed system in such a manner that 30 which is communicated with the oil tank (4) so as to 

the pump driving hydraulic cylinder can be activated receive lubricating oil from the oil tank (4), and an oil 

synchronously with the mold pressing hydraulic cylin- outlet unit (32) which is communicated with the oil tank 

der. The pump driving hydraulic cylinder has a cylin- (4) via an oil conduit unit. The lubricating oil in the 

der body and a piston rod extending outward from the conduit unit is accessible to pivots (5") of the toggle 

cylinder body. The piston rod has an outer end which 35 mechanism of the injection molding machine, 

can be moved toward and away from the cylinder body . The pressure relief valve (6) is coupled with the oil 

An oil tank is provided to store lubricating oil therein. outlet unit (32) of the oil pump (3) and with the oil tank 

A lubricating oil pump has an oil inlet unit coupled with (4) so as to relieve excess pressure of the oil pump (3) 

the oil tank and an oil outlet unit coupled with the tog- and so as to permit recollection of excessive lubricating 

gle mechanism. The oil pump is coupled with the piston 40 oil fr° m tne toggle mechanism into the oil tank (4). 

rod of the pump driving hydraulic cylinder. When the Accordingly, when the piston rod (C71') of the mold 

outer end of the piston rod of the pump driving hydrau- pressing hydraulic cylinder (C7') is activated hydrauli- 

lic cylinder is moved toward the cylinder body of the caUv bv the oil feed system (1), the outer end of the 

pump driving hydraulic cylinder, the oil pump is acti- P iston rod < 21 ) of P um P driving hydraulic cylinder 

vated to receive lubricating oil from the inlet unit. 45 (2) is activated synchronously by the oil feed system (1) 

When the outer end of the piston rod of the pump driv- to move toward the cylinder body of the pump driving 

ing hydraulic cylinder is moved away from the cylinder hydraulic cylinder (2) so as to drive the oil pump (3) to 

body of the pump driving hydraulic cylinder, the oil ^f 1 *? ° J f ™ m ^ oil < 4) * e oil inlet 

pump is activated to force lubricating oil from the oil Kn (31) ' ^f" the outer end of the piston rod (21) of the 

pump to the toggle mechanism through the outlet unit 50 Pump dnvmg hydraulic cylinder (2) is moved away 

so as to lubricate the toggle mechanism. J«? f? C ? inde * ^ (3) t " t0 *> r * e 

00 the lubricating oil to flow to the pivots (5 ) through the 

BRIEF DESCRIPTION OF THE DRAWINGS oil outlet unit (32). Thus, the pivots (5") are lubricated 

<w ~~ a *4 . ~r *t. . • in every operation of the toggle mechanism of the mold- 
Other features and advantages of the present inven- « - "\ , _ , ~- . 

.„ - ^ , . . ... 55 ing machine, and the pump (3) has a sufficient power to 

H^in^Tif apparent m the following deuded force a tt gh . viscosity lubricatmg oU to the ti g h\contact 

description of the preferred embodiment with refer- ^ the jvots (5 „ } £ d ^ mem ^ crs of the 

ence to the accompanying drawings, of which: toggle mechanism of the mold machine. If the oil pump 

FIG. 1 is a perspective view showing a common (3) h OV erpressurized by the pump driving hydraulic 

ronton molding machine; . 60 cylinder (2) and forces excessive lubricating oil to the 

FIG. 2 is a perspective view of the mold pressing contact areas, the pressure relief valve (6) can relieve 

system of the common injection molding machine; the overpressure of the oil pump (3) and can permit the 

FIG. 3 is a perspective view showing the mold press- recollection of the excessive lubricating oil from the 

ing system of another common injection molding ma- toggle mechanism into the oil tank (4). 

chine; and, 65 While the present invention has been described in 

FIG. 4 is a schematic diagram of the lubricating sys- connection with what is considered the most practical 

tern for an injection molding machine according to this and preferred embodiment, it is understood that this 

invention. invention is not limited to the disclosed embodiment, 
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tot^d^H Which Can «* ra °ved hydraulically 
an o^f w d 8Way from finder body; 
a1ubri££ for , storin « »»bricati„g oil; and * 

2 . f nk md M °a unit coupled 

™,nl^ !°«8le mechanism, said oil pump being 
coupled with said piston rod of said pump driX 
hydrauhc cylinder; whereby, when skid outer ™d 

cWtoder P fa t0 ™o r0d H° f "* PUmp dri ™* SSS 
cylinder is moved toward said cylinder body of 

sad pun., . driving hydraulic cylinder, sa?d oil 
f t,Vated '<> ^ive lubricating ofl through 
r^ ^ When out « «d of said piston 
^v5 SMd ?. U,DP drivin * hydraulic cylinder fa 
"°^«. wa / fr«n said cylinder body of arid pump 

23toS*"f t cy,inder ' W 

^d1™J° lubneating oil from said oil pump to 
said toggle mechanism through said outlet unit so 
as to lubricate said toggle mechanism. 
1 fnlS! mjeCt, ° n "elding machine as claimed in claim 
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